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(57) ABSTRACT 
A computer-readable storage medium comprising computer 
readable program code stored thereon which, when inter 
preted by a computing apparatus, causes the computing appa 
ratus to implement an image processing tool for processing a 
plurality of biological images arranged in a plurality of image 
series wherein certain biological images across different 
image series have a predefined correspondence with one 
another. The computer-readable program code comprises 
computer-readable program code for causing the computing 
apparatus to: be attentive to receipt of an indication of a 
selected biological image from the plurality of biological 
images and belonging to a first one of the image series; be 
attentive to receipt of an indication of a segmentation mask 
created based on the selected biological image; apply the 
segmentation mask to a second biological image from the 
plurality of biological images, the second biological image 
belonging to a second one of the image series that is different 
from the first one of the image series, the second biological 
image having a predefined correspondence with the selected 
biological image; and display the second biological image 
after application of the segmentation mask. 
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METHOD AND SYSTEM FOR PROCESSING 
MULTIPLE SERIES OF BIOLOGICAL 
IMAGES OBTAINED FROMA PATIENT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims the benefit under 35 USC 
S119(e) of U.S. provisional patent application Ser. No. 
60/996,509 to Faycal Djeridane, filed on Nov. 20, 2007, 
hereby Incorporated by reference herein. 

FIELD OF THE INVENTION 

The present invention relates generally to the processing of 
biological images and, more particularly, to the processing of 
multiple series of biological images obtained from a patient 
affected by an ischemic stroke. 

BACKGROUND 

Stroke is one of the leading causes of morbidity and mor 
tality in developed countries. A stroke occurs when blood 
vessels in the brain are compromised. It has been defined as a 
“Sudden neurological shortage presumed to be of vascular 
origin' (translated from Bousser MG: Classification et ori 
entation générales du diagnostic. In "Accidents vasculaires 
cérébraux': Bogousslaysky J. Bousser MG, Mas J L, 1993, 
95-103, Doin éditeurs.) 

There are two main types of stroke, namely hemorrhagic 
Stoke and ischemic stroke. Hemorrhagic stroke is relatively 
infrequent, and occurs when a blood vessel ruptures, flooding 
a portion of the brain with blood. On the other hand, ischemic, 
(or nonhemorrhagic) stroke is much more common and 
occurs when a blood vessel is blocked (e.g., due to a clot), 
causing cerebral nervous tissue to be deprived of oxygen, 
ultimately leading to necrosis if left untreated. 

Ischemic stroke is typically treated by administration of a 
thrombolytic, namely, a drug that aims to dissolve the clot that 
caused obstruction of the vessel in question. This technique 
restores blood flow to hypoperfused areas, potentially salvag 
ing those portions of the affected cerebral tissue that have not 
yet been irreversibly damaged because they have been receiv 
ing blood flow from collateral arteries anastomosing with 
branches of the occluded vascular tree. These portions are 
known as the “ischemic penumbra', while portions of the 
cerebral tissue that have been irreversibly damaged due to 
oxygen deprivation are known as the “core ischemic Zone'. 
Further information can be found on the Internet by visiting 
the Internet Stroke Center at Washington University in St. 
Louis (http://www.strokecenter.org/education/ais pathogen 
esis/22 ischemic penumbra.htm). 
The success of thrombolysis (i.e., treatment with a throm 

bolytic) therefore relies on rapid administration of the drug to 
a patient having undergone an ischemic stroke. With cerebral 
tissue being depleted at a rate of several (approximately 4) 
million neurons per minute, clinicians find themselves oper 
ating within a narrow time window (typically considered to 
be only a few hours) from occurrence of a stroke if there is to 
be any hope of success. If a thrombolytic is administered to a 
patient within this time window, then it may be possible to 
salvage the ischemic penumbra. However, reperfusion of 
severely hypoperfused areas can result in hemorrhage with its 
associated complications. If it turns out that the patient had 
insignificant Salvageable cerebral tissue to begin with (i.e., 
with dim prospects for a positive outcome from the outset), 
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2 
then administering the thrombolytic will unnecessarily raise 
the risk of harming the patient. 

For these reasons, the decision to administer a throm 
bolytic is not automatic. Rather, it is made as a function of 
whether the ischemic penumbra is large enough so as to 
justify pharmacological treatment and its attendant risk of 
hemorrhage. Accurate and rapid assessment of this risk/ben 
efit scenario, among other factors, is therefore crucial in the 
early minutes of treating a patient with stroke symptoms. 
As part of the decision making process, clinicians must 

typically assess the size of the ischemic penumbra and core 
ischemic Zone by viewing and considering numerous images 
obtained from radiological instruments such as magnetic 
resonance imaging (MRI) machines. Due to the disparity in 
image type and presentation, it is only the most highly expe 
rienced clinicians who are able to extract useful diagnostic 
information from these images towards the decision to 
administer a thrombolytic. However, the number of clinicians 
having the requisite level of experience is expected to become 
inadequate to meet the needs of a growing and aging popula 
tion that naturally brings about an increase in ischemic stroke 
CaSCS. 

As a result, improved image display and processing tools 
are needed to facilitate the diagnostic process, allowing a 
broader range of clinicians to assess the costs and benefits of 
administering a thrombolytic to a patient affected by an 
ischemic stroke. 

SUMMARY OF THE INVENTION 

A first broad aspect of the present invention seeks to pro 
vide a computer-readable storage medium comprising com 
puter-readable program code stored thereon which, when 
interpreted by a computing apparatus, causes the computing 
apparatus to implement an image processing tool for process 
ing a plurality of biological images arranged in a plurality of 
image series wherein certain biological images across differ 
ent image series have a predefined correspondence with one 
another. The computer-readable program code comprises 
computer-readable program code for causing the computing 
apparatus to be attentive to receipt of an indication of a 
selected biological image from the plurality of biological 
images and belonging to a first one of the image series; 
computer-readable program code for causing the computing 
apparatus to be attentive to receipt of an indication of a 
segmentation mask created based on the selected biological 
image; computer-readable program code for causing the 
computing apparatus to apply the segmentation mask to a 
second biological image from the plurality of biological 
images, the second biological image belonging to a second 
one of the image series that is different from the first one of the 
image series, the second biological image having a predefined 
correspondence with the selected biological image; and com 
puter-readable program code for causing the computing 
apparatus to display the second biological image after appli 
cation of the segmentation mask. 
A second broad aspect of the present invention seeks to 

provide a method, which comprises obtaining a plurality of 
series of biological images including a first series and a sec 
ond series, wherein certain ones of the images in the first 
series and certain ones of the images in the second series are 
corresponding; creating a respective segmentation mask for 
each of at least one selected image in the first series; applying 
each respective segmentation mask to the corresponding 
image in the second series; and selecting a set of the images in 
the second series on which to effect a Volumetric computa 
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tion, the selected set of images in the second series including 
at least one image to which a respective segmentation mask 
has been applied. 
A third broad aspect of the present invention seeks to 

provide a system, which comprises means for obtaining a 
plurality of series of biological images including a first series 
and a second series, wherein certain ones of the images in the 
first series and certain ones of the images in the second series 
are corresponding; means for creating a respective segmen 
tation mask for each of at least one selected image in the first 
series; means for applying each respective segmentation 
mask to the corresponding image in the second series; and 
means for selecting a set of the images in the second series on 
which to effect a volumetric computation, the selected set of 
images in the second series including at least one image to 
which a respective segmentation mask has been applied. 
A fourth broad aspect of the present invention seeks to 

provide an image processing system for processing a plurality 
of biological images arranged in a plurality of image series 
wherein certain biological images across different image 
series have a predefined correspondence with one another. 
The image processing system comprises an input configured 
to receive an indication of a selected biological image from 
the plurality of biological images and belonging to a first one 
of the image series and receive an indication of a segmenta 
tion mask created based on the selected biological image; a 
processing entity configured to apply the segmentation mask 
to a second biological image from the plurality of biological 
images, the second biological image belonging to a second 
one of the image series that is different from the first one of the 
image series, the second biological image having a predefined 
correspondence with the selected biological image; and a 
display entity configured to cause display of the second bio 
logical image. 
A fifth broad aspect of the present invention seeks to pro 

vide a method of processing images that are arranged in a first 
series of biological images and a second series of biological 
images, each image being associated with a respective axial 
slice height. The method comprises: 

a) initializing a threshold slice height difference: 
b) attempting to identify one or more pairs of correspond 

ing images such that (i) each pair of corresponding 
images includes one image from each of the first and 
second series and (ii) the images in each pair are asso 
ciated with respective slice heights differing by no more 
than the threshold slice height difference; 

c) increasing the threshold slice height difference: 
d) repeating steps b) and c) until the threshold slice height 

difference reaches a maximum threshold slice height 
difference; and 

e) for particular images in the first and second series that 
have been paired further to execution of stepb), display 
ing each particular image in the first series in graphical 
correspondence with the particular image in the second 
series to which it is paired. 

These and other aspects and features of the present inven 
tion will now become apparent to those of ordinary skill in the 
art upon review of the following description of specific 
embodiments of the invention in conjunction with the accom 
panying drawings. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a block diagram of a computer that can be con 

figured to implement an image processing method in accor 
dance with a non-limiting embodiment of the present inven 
tion. 

FIG. 2 is a flowchart illustrating steps in an image process 
ing method in accordance with an embodiment of the present 
invention. 

FIG.3 shows a series ofMRI images taken at different axial 
slice heights. 

FIG. 4 is a screen shot illustrating a plurality of image 
series, each series having a plurality of images, where images 
in the same column are corresponding. 

FIG. 5 is a flowchart illustrating steps in establishing cor 
respondence between images in different series as a function 
of their axial slice heights. 

FIGS. 6A through 6C show creation of segmentation 
masks from respective source images. 

FIG. 7 shows steps in the transformation of an original 
image into a set of pixels that is ready to be rendered, in 
accordance with a non-limiting embodiment of the present 
invention. 

It is to be expressly understood that the description and 
drawings are only for the purpose of illustration of certain 
embodiments of the invention and are an aid for understand 
ing. They are not intended to be a definition of the limits of the 
invention. 

DETAILED DESCRIPTION 

Non-limiting embodiments of the present invention pro 
vide an image processing tool that implements methods of 
processing biological images. These methods may be per 
formed, at least in part, by a computing apparatus Such as a 
computer shown in FIG. 1 as 100. The computer 100 has a 
processing entity 102 communicatively coupled to a first 
memory 104, a second memory 106, an input 108 and an 
output 110. The processing entity 102 may include one or 
more processors for processing computer-executable instruc 
tions and data. It will be understood by those of ordinary skill 
in the art that the computer 100 may also include other com 
ponents not shown in FIG. 1. Also, it should be appreciated 
that the computer 100 may communicate with other appara 
tuses and systems (not shown) over a network (not shown). 
For example, such other apparatuses and systems may 
include a PACS (picture archiving and communications sys 
tem) commonly used to store radiological and other biologi 
cal images of patients in a healthcare setting. 
The first memory 104 can be an electronic storage com 

prising a computer-readable medium storing computer-ex 
ecutable instructions and/or data. The first memory 104 is 
readily accessible by the processingentity 102 at runtime and 
may include a volatile memory (e.g., random access 
memory—RAM) for storing computer-executable instruc 
tions and/or data. The second memory 106 can be an elec 
tronic storage comprising a computer-readable medium Stor 
ing computer-executable instructions and/or data. The second 
memory 106 may include a non-volatile memory (e.g., flash 
EEPROM) for storing computer-executable instructions and 
data in a persistent manner. For example, the second memory 
106 may store electronic files 116. The files 116 may encode 
images such as radiological images (specifically, MRI 
images) and/or other types of biological images of a patient. 
In some embodiments, the biological images can be two 
dimensional and each may comprise a plurality of picture 



US 9,123,100 B2 
5 

elements (pixels) having respective values. In other embodi 
ments, the biological images can be three-dimensional and 
each may comprise a plurality of Volume elements (voxels) 
having respective values. 

The input 108 may be used to receive commands and other 
input from a user 114 Such as a clinician who is attempting to 
determine whether to administer a thrombolytic to a patient in 
real time, or a student who is participating in a simulation 
exercise. The input 108 may include one or more input 
devices, examples of which include but are not limited to a 
keyboard, a mouse, a microphone, a touch screen and an 
image acquisition apparatus (e.g., a scanner, a camera, an 
X-ray machine, MRI machine, etc.). The one or more input 
devices may also include a computer-readable medium Such 
as a removable memory 112 as well as any requisite device for 
accessing Such medium. The one or more input devices may 
be locally or remotely connected to the processingentity 102. 
either physically or by way of a communication connection. 
The output 110 may include one or more output devices, 

which may include a display device, such as a screen/monitor. 
Other examples of output devices include, without limitation, 
a printer, a speaker, as well as a computer-writable medium 
and any requisite device for writing to Such medium. The one 
or more output devices may be locally or remotely connected 
to processing entity 102, either physically or by way of a 
communication connection. 
When the processingentity 102 executes computer-execut 

able instructions stored by one or more of the memories 104, 
106, 112, the computer 100 can be caused to carry out one or 
more of the methods described herein. As can be appreciated, 
the methods described herein may also be carried out using a 
hardware device having circuits for performing one or more 
of the calculations or functions described herein. Other con 
figurations for a computing apparatus are also within the 
Scope of the present invention. 

Certain non-limiting embodiments of the present invention 
have application to diagnosis and treatment of ischemic 
stroke. In this context, certain classes of biological images are 
of particular significance. Biological images in a first class are 
obtained by diffusion-weighted magnetic resonance imaging 
and are hereinafter referred to as DWI images. DWI images 
can bring to light a variety of parameters, which include, 
without limitation; 

B500; 
B1000; 
ADC (apparent diffusion coefficient); 
FLAIR (fluid-attenuated inversion recovery); 
T1 (spin-lattice relaxation time); 
T2 (spin-spin relaxation time); 
Etc. 
Biological images in a second class are obtained by perfu 

Sion-weighted magnetic resonance imaging and are herein 
after referred to as PWI images. Perfusion is the steady state 
delivery of blood to tissue parenchyma through the capillar 
ies, representing the microscopic coherent motion of water 
and cellular material, PWI images can bring to light a variety 
of hemodynamic parameters, which include, without limita 
tion: 
CBV (cerebral blood volume); 
CBF (cerebral blood flow): 
MTT (mean transit time); 
TTP (time to peak); 
Etc. 
A popular way to perform perfusion MRI is to inject a 

contrast agent and observe its passage through the brain. 
Thus, it will be appreciated that PWI images can be obtained 
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6 
by performing computations on a time series of raw images. 
For information on various non-limiting examples of Such 
computations, and on perfusion MRI generally, reference can 
be made to the following publications, hereby incorporated 
by reference herein: 
Gregory Sorensen, Peter Reimer: Cerebral MR Perfusion 

Imaging, Principles and Current Applications, Eds. Thi 
eme, 2000; and 

Wu O, Ostergaard L. Weisskoff RM, Benner T. Rosen BR, 
Sorensen AG: Tracer arrival timing-insensitive technique 
for estimating flow in MR-perfusion-weighted imaging 
using singular value decomposition with a block-circulant 
deconvolution matrix, Magn Reson Med. 2003 July; 50(1): 
164-74. 
Another hemodynamic parameter that can be brought to 

light using PWI images is the time to peak of the residue 
function (sometimes abbreviated “Tmax”), which involves 
deconvolution of the “tissue concentration over time’ curve 
using an arterial input function from the contralateral middle 
cerebral artery. 
The following references provide additional information 

regarding the measurement of cerebral blood flow and other 
parameters. 
Ostergaard L. Weisskoff RM, Chesler DA, et al. High reso 

lution measurement of cerebral blood flow using intravas 
cular tracer bolus passages, part I: mathematical approach 
and statistical analysis. Magn Reson Med 1996: 36:715 
725 

Ostergaard L., Sorensen AG, Kwong KK, et al. High reso 
lution measurement of cerebral blood flow using intravas 
cular tracerbolus passages, part II: experimental compari 
son and preliminary results. Magn Reson Med 1996; 
36:726-736 
For the purposes of the description to follow, biological 

images (including DWI and PWI images) that evidence at 
least some of the above parameters are assumed to be avail 
able to the computer 100 for processing and/or display. Such 
availability can arise by virtue of the biological images being 
stored as files 116 in the memory 106 or by the PACS, etc. The 
set of images that evidences a particular parameter are here 
inafter referred to as forming a “series' of images. Thus, there 
may be plural series of images available for processing and/or 
display by the computer 100. One or more of the series may 
include DWI images, while another one or more of the series 
may include PWI images. 

For the purposes of the description to follow, and with 
reference to FIG. 3, each biological image 304,304,304. 
304 in a given series 306 is a two-dimensional axial image of 
a patient’s brain 302 at a particular axial slice height H. H. 
H. H. The axial slice height of an image may be indicated in 
a header portion of a file that encodes the image, such as one 
of the files 116. A common format for such a file is DICOM 
(abbreviation of “Digital Imaging and Communications in 
Medicine’), which includes a DICOM header that specifies 
the height of the axial slice at which the accompanying image 
was taken. It should be appreciated that in other embodi 
ments, file formats other than DICOM may be used, including 
proprietary file formats that may not include a header, 
whereby the height of an axial slice is recorded in a different 
fashion. It should also be appreciated that in other applica 
tions, views other than axial (e.g., Sagittal or coronal) may be 
of interest. 
A non-limiting description of an example method that may 

be performed by the computer 100 when executing computer 
readable instructions stored in one or more of the memories 
104,106, 112 is now provided with reference to the flowchart 
in FIG. 2. Specifically, the method includes the steps of reg 
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istration 202, image correspondence 204, display 206, filter 
ing 208 and volumetric computation 210. It should be appre 
ciated that not all of these steps are essential in all 
embodiments. In the description to follow, reference will be 
made to pixels for reasons of simplicity, with the understand 
ing that reference could also have been made to voxels. 
Step 202: Registration 
The step of registration 202 generally includes ensuring 

that all images in all of the series have the same pixel spacing, 
origin and orientation. This can be achieved using operations 
of Zoom, translation and rotation. Specifically: 

a) To achieve the same pixel spacing: consider the non 
limiting scenario where each image is associated with a 
header that indicates the pixel spacing for that image in 
terms of units of distance. A reference pixel spacing is 
selected, either automatically by the computer 100 (e.g., 
as being the median pixel spacing among the various 
images of the various series) or manually by the user 114 
via the input 108. Then, for all images whose pixel 
spacing is not equal to the reference pixel spacing, an 
interpolation function (such as, without limitation, the 
nearest neighbor interpolation function) is applied to 
those images in order to achieve the reference pixel 
spacing. Of course, other forms of interpolation and, 
generally, other methodologies are possible in order to 
achieve a common pixel spacing without departing from 
the scope of the present invention. 

b) To achieve the same origin: the origin of each image can 
be a point (e.g., a pixel) that refers to the same physi 
ological structure in each image of each series. The 
origin can be selected manually by the user 114 via the 
input 108, although an automatic mechanism can be 
used without departing from the scope of the present 
invention. Once the origin has been identified for each 
image, an absolute origin is selected (namely, the coor 
dinates where the origin will appear for all images once 
processing is complete), and then it suffices to effect a 
translation of each image whose origin does not corre 
spond to the absolute origin until Such correspondence is 
achieved. 

c) To achieve the same orientation: with all images having 
the common origin (see b) above), a second reference 
point (e.g., a pixel) that refers to a second common 
physiological structure in each image of each series is 
identified. The second reference point can be selected 
manually by the user 114 via the input 108, although an 
automatic mechanism can be used without departing 
from the scope of the present invention. Once the second 
reference point has been identified for each image, an 
absolute reference point is selected (namely, the coordi 
nates where the second reference point will appear for 
all images once processing is complete), and then it 
Suffices to effect a rotation of each image whose second 
reference point does not correspond to the absolute ref 
erence point until Such correspondence is achieved. 

Step 204: Image Correspondence 
Consider the non-limiting scenario where the images in a 

particular series are all axial slices taken at different axial 
slice heights. Consider also that there are multiple series. 
Then, the step of image correspondence 204 generally 
includes attempting to identify a group of images, one from 
each series, that have comparable axial slice heights. The 
information regarding the axial slice height of a particular 
image may be available in a header that accompanies the 
image. An ideal example of two axial slice heights that are 
comparable includes two axial slice heights that are identical. 
Thus, an image in series A with a particular axial slice height 
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8 
H. and an image in series B also with an axial slice height H 
can be said to exhibit image correspondence. However, it is 
more common to find that images in different series have axial 
slice heights that are different for each series. In fact, the 
number of images in each series may itself be different. 

With reference to FIG. 5, one non-limiting methodology 
for executing the step of image correspondence 204 between 
pairs of images in two series A and B is as follows (assuming 
that the various images have already been registered in accor 
dance with the registration step 202). At sub-step 502, select 
all pairs of images in series A and series Bhaving exactly the 
same axial slice height (i.e., for which the difference in axial 
slice height is Zero). At sub-step 504, the tolerable axial slice 
height difference AH is increased (e.g., to one unit of height) 
and step 502 is repeated. That is to say, from the remaining 
images in series A and series B, select all pairs of images 
having an axial slice height that differs only by one unit of 
height. The tolerable axial slice height difference is increased 
again at step 504 and the process continues until a maximum 
tolerable height difference AH is reached (step 506). The 
maximum tolerable height difference AH, represents a 
height difference beyond which two images are simply too 
distant in the Z-direction (i.e., axially) that they cannot be said 
to correspond to one another. 
At sub-step 508, for any image in series A that was not 

paired with an image in series B by virtue of step 502, create 
a blank corresponding B-series image, and for any image in 
series B that was not paired with an image in series Aby virtue 
of step 502, create a blank corresponding A-series image. At 
sub-step 510, the images in each series (now potentially 
including blank images) are ordered in accordance with their 
axial slice height (or in the case of a blank image, the axial 
slice height of the corresponding image in the other series). At 
Sub-step 512, an index (e.g., '') is given to corresponding 
images in each series. In this way, images denoted A(i) will 
correspond to images denoted B(i), for any value of recall 
ing that the “image' in question may be blank. 
Step 206: Display 
The step of display 206 generally includes providing a 

scrolling functionality to view several images in a single 
series, and/or corresponding images in two or more series 
simultaneously (such as images A(i) and B(i) for one or more 
values of). It is recalled that corresponding images are those 
images that were found to have a comparable axial slice 
height. 

In a general sense, as shown in FIG. 4, a table 402 of M 
rows and N columns can be presented. It should be appreci 
ated that M (i.e., the number of rows, that is, series) and N 
(i.e., the number of columns, that is, images per series) are 
variable, and can be varied by the user 114 by way of the input 
108. In this case, M=2 and, specifically, images from series A 
and B are displayed. Also in this case, N=4 and, specifically, 
images having indexes 1, 2, 7 and 8 are displayed. 

Also, Scrolling functionality can be provided by, for 
example, a horizontal navigation bar 404, allowing the user 
114 to manipulate which N indexes to display (the N indexes 
can be contiguous or individually selected). Similarly, Scroll 
ing functionality can be provided by, for example, a vertical 
navigation bar 406, allowing the user 114 to indicate from 
which M series the images for display will be taken from. 

It should be appreciated that a key consideration is how to 
display the images in the table 402. Clearly, one option is to 
display the raw image content of the files 116, which may 
provide grayscale pixel values having an 8- or 16-bit dynamic 
range. However, it may be more beneficial to a clinician (who 
needs to view many images over a short period of time) to 
utilize a color scheme. When a color scheme is utilized, the 
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value of a pixel is mapped to a color. Several standard color 
schemes can be provided, including rainbow, gray, etc., as 
well as customized color schemes. The same or different 
color schemes can be used for different image series. A touch 
up panel 408A, 408B can be provided for each series whereby 5 
the color Scheme can be selected for the particular image 
series. The touch-up panel 408A, 408B can also be used to 
manually apply other image processing features such as con 
trast and brightness. 

It is also within the scope of the present invention to auto 
matically optimize the color scheme selected for a particular 
series. Specifically, the color Scheme has a range of colors that 
are mapped to pixel values. Without optimization, certain 
highly perceptible colors may not actually be rendered on the 
display device because they are mapped to pixel values that 15 
do not appear in the images in the particular series. In order to 
optimize the selected color scheme, an autolevel graphical 
element (such as a button) 410A, 410B allows the user 114 to 
select an “autolevel function. The autolevel function adjusts 
the contrast and brightness for the images of the particular 
series, by constraining the values of the pixels in the images of 
the particular series to within m-S and m+S, where m is the 
average pixel value and S is the standard deviation of pixel 
values either (i) within each individual image or (ii) among all 
images of the series. Under the latter option, if the particular 
series is A, then a 'red' pixel in image A(p) will correspond a 
value that is the same as the pixel value of a “red pixel in 
image A(q) for any p and any q (provided of course that there 
are 'red' pixels in images A(p) and A(q)). 

It should be appreciated that activation of the touch-up 
panel 408A, 408B and/or the autolevel button 410A, 410B 
causes the computer 100 to vary the appearance of the images 
in the series as rendered on the display device without altering 
the original files 116. This can be achieved as follows. With 
reference to FIG. 7, an image of interest (e.g., a DICOM 
image) has pixel values that are stored in one of the files 116 
in memory, say file 702. These pixel values are processed as 
per the registration step 202, thereby to yield a new set of pixel 
values that are stored in a second file 704 in memory. The 
contents of the second file 704 are copied into a third file 706. 
If applicable, the contents of the second file 704 are also used 
to generate a “segmentation mask' by the filtering step 208 
(see below). The segmentation mask is then applied to the 
contents of the second file 704, thereby to yield a new set of 
pixel values which are stored in a third file 706 in memory. 45 
The contents of the third file 706 are used to calculate the 
optimized color scheme when the autolevel button 410A, 
410B is activated. Then, the selected color scheme (whether 
optimized or not) as well as other functions (such as bright 
ness and contrast, if applicable) are applied to the contents of 50 
the third file 706, which yields a new set of pixel values 
(which are high-resolution since they contain color informa 
tion) that are stored in a fourth file 708 in memory. The fourth 
file 708 thus contains the actual color values that are rendered 
by the display device. 
Step 208: Filtering 
The step of filtering 208 is performed based on segmenta 

tion masks that can be created via the input 108. A segmen 
tation mask defines a set of pixels to be eliminated from an 
image by bringing the value of those pixels captured by the 60 
segmentation mask to a baseline value (Such as Zero). A 
segmentation mask can be created according to various tech 
niques, including but not limited to: 

a) using a source image, whose pixels are Subjected to a 
validity interval x,y, whereby pixels whose values fall 65 
outside the validity window are considered to form part 
of the segmentation mask; 
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b) explicitly identifying a geometric figure, e.g., in free 

form or using a polygonal drawing tool, whereby pixels 
within the geometric figure are considered to form part 
of the segmentation mask; and 

c) based on a segmentation mask that has left isolated 
regions of pixels untouched, absorbing those regions 
into the segmentation mask. 

Once created, the segmentation mask is applied to an 
image. Application of the segmentation mask brings the value 
of pixels captured by the segmentation mask to the baseline 
value, leaving the value of the other pixels intact. The result is 
the creation of a filtered image. 
A segmentation mask can be applied to the image from 

which it was created, but also to images appearing in other 
series but corresponding to the image from which it was 
created (where correspondence is established in accordance 
with step 204 described above). Since corresponding images 
have the same pixel spacing, origin and orientation, the seg 
mentation mask geometrically “fits' over all images corre 
sponding to the image from which the segmentation mask 
was created. In some cases, the same segmentation mask can 
be used for images appearing at different axial slice heights, 
but it may be preferable to create different segmentation 
masks for different axial slice heights due to physiological 
dimensionality variations between adjacent axial slices. 

Non-limiting examples of segmentation masks that can be 
created, along with some possible applications, are provided 
below: 

a) With reference to FIG. 6A, a segmentation mask 604 can 
be created using a source image 602 obtained from 
B1000-type DWI images, whose pixels are subjected to 
a validity interval. Application of the segmentation mask 
604 can serve to isolate pixels representing the skull; 

b) With reference to FIG. 6B, a segmentation mask 614 can 
be created using a source image 612 obtained from 
CBV-type PWI images, whose pixels are subjected to a 
validity interval. Application of the segmentation mask 
614 can serve to isolate pixels representing the patients 
large vessels; 

c) With reference to FIG. 6C, a segmentation mask 624 can 
be created using a source image 622 obtained from 
ADC-type DWI images, whose pixels are subjected to a 
validity interval. Application of the segmentation mask 
624 can serve to isolate pixels representing the cere 
brospinal fluid (CSF). For more information, reference 
can be made to Imagerie de diffusion et de perfusion par 
resonance magnétique de l'encephale, G. CoSnard et al., 
LOUVAIN MED, 118: 129-140, 1999; 

d) a segmentation mask created using a source image 
obtained from TTP-type PWI images or MTT-type per 
fusion-weighted images, whose pixels are Subjected to a 
validity interval, can serve to isolate pixels representing 
areas affected by ischemic stroke; and 

e) a segmentation mask created using a source image 
obtained from CBF-type PWI images, whose pixels are 
Subjected to a validity interval, can serve to isolate pixels 
whose values are aberrant. 

Other applications of a segmentation mask are of course 
within the scope of the present invention. 

It should be appreciated that Some of the segmentation 
masks described above can be applied one after the other on 
the same image (or series of images), resulting in application 
of a “compound' segmentation mask, which has the features 
of removing noise, skull tissue, cerebrospinal fluid and large 
vessels, thus providing improved visibility of key features of 
interest in the cerebral tissue. Thus, multiple segmentation 
masks derived from multiple series can be applied to the same 
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series. Similarly, the same original segmentation mask can be 
applied to images in multiple series, including the series 
containing the image from which the segmentation mask was 
derived. 

Thus, for example, in the context of identifying the core 
ischemic Zone, namely the tissue that has been irreversibly 
damaged due to oxygen deprivation, segmentation masks can 
be created to remove the skull and cerebrospinal fluid. There 
after, the B1000 or ADC series can be displayed. From there, 
it may be possible to identify a region representing the core 
ischemic Zone by creating and applying one or more further 
segmentation masks. A first Such further segmentation mask 
can be used to remove pixels whose values fall below a 
threshold. A second such further segmentation mask can be 
created by absorbing remaining isolated pixels. Finally, the 
pixels that have not been captured by the compound segmen 
tation mask represent areas of the cerebral tissue in the core 
ischendic Zone. 
A next step is therefore to perform a Volumetric computa 

tion. 
Step 210: Volumetric Computation 
The step of volumetric computation 210 is performed on a 

plurality of images of a given series. One specific Volumetric 
computation of interest seeks to estimate the volume of the 
core ischemic Zone. Specifically, having identified the core 
ischemic Zone in each axial slice by a method such as that 
described above, the computer 100 can estimate the total 
Volume of the core ischemic Zone. This is basically a compu 
tation of the area of the identified region times inter-slice axial 
distance, but interpolated (e.g., in linear fashion) to account 
for variability in the area of the region of interest between 
neighbouring axial slices. In some embodiments, the com 
puter 100 automatically performs this calculation for those 
images in the selected series (e.g., B1000 or ADC) where the 
region of interest appears. In other embodiments, the user 114 
can select via the input 108 a specific set of images on which 
the volumetric computation will be performed, which can 
possibly reduce artifacts at the extreme axial slices. The out 
put is thus a Volume in an appropriate unit (e.g., CC). 

Another volumetric computation can be effected for the 
ischemic penumbra in a similar fashion. In this case, the 
images under consideration can be PWI images that can allow 
isolation of a poorly irrigated area of the brain that is never 
theless salvageable/viable. Suitable image series are the TTP 
or MTT or Tmax series, for example, which can be filtered 
using a compound segmentation mask to arrive at a region on 
each image in the chosen series which represents theischemic 
penumbra. The computer 100 can then effect a computation 
of the Surface area of the region times inter-slice axial dis 
tance, but interpolated (e.g., in linear fashion) to account for 
variability in the area of the region of interest between axial 
slices. In some embodiments, the computer 100 automati 
cally performs this calculation for those images in the 
selected series (e.g., TTP or MTT or Tmax) where the region 
of interest appears, whereas in other embodiments, the user 
114 can select via the input 108 the images on which the 
Volumetric computation will be performed, which can possi 
bly reduce artifacts at the extreme axial slices. The output is 
thus a Volume in an appropriate unit (e.g., CC). 

It follows that the user 114 can have access to two impor 
tant Volumetric computations, namely that of the core 
ischemic Zone and that of the ischemic penumbra. Then, 
based on the absolute and/or relative volumes of each, as well 
as other factors, the user 114 can be in a position to perform 
a more informed cost/benefit analysis regarding the option of 
administering a thrombolytic. This can be useful in both 
real-life and simulated environments. Further information on 
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12 
the clinical value of this approach can be found in Optimal 
Definition for PWI/DWI Mismatch in Acute Ischemic Stroke 
Patients, W Kakuda et al., Journal of Cerebral Blood Flow & 
Metabolism (2008), 1-5. 
Of course, it should be appreciated that other ways of 

effecting a Volumetric computation are within the scope of the 
present invention, and it should also be appreciated that com 
putations can be performed to estimate the volume of other 
regions of interest of the imaged physiological structure. 

In the above non-limiting embodiments of the present 
invention, particular emphasis has been placed on diagnosis 
and treatment of ischemic stroke, but it should be appreciated 
that embodiments of the present invention are applicable to 
other areas of neuromedicine (such as diagnosis and/or treat 
ment of epilepsy, tumors, Alzheimer's, etc.) as well as poten 
tially other areas of medicine in general. In each of these 
contexts, the biological images of particular significance may 
be different, but the principles set forth herein are clearly 
applicable thereto. 

Those skilled in the art will also appreciate that inputs 
received from the user 114 can be recorded (and restored) by 
the computer 100 so as to serve for traceability and training 
purposes. More specifically, the computer 100 can record the 
values of the pixels that were displayed (based on user selec 
tions of contrast, brightness, color scheme, etc.), the validity 
intervals x,y used in the creation segmentation masks, the 
various parameters of other segmentation masks used for 
isolating the core ischemic Zone and the ischemic penumbra, 
the parameters used to calculate the perfusion images, and so 
O. 

While specific embodiments of the present invention have 
been described and illustrated, it will be apparent to those 
skilled in the art that numerous modifications and variations 
can be made without departing from the scope of the inven 
tion as defined in the appended claims. 
What is claimed is: 
1. A method for processing images in a system having a 

computer and a display device, the method comprising: 
obtaining a plurality of series of biological images by the 

computer, wherein at least one series is in a first biologi 
cal class and at least one other series is in a second 
biological class different from the first biological class, 
and wherein certain images in any series correspond to 
certain images in the other series; 

performing a registration process, by the computer, to align 
pixels of certain images in one series with the corre 
sponding pixels of certain images in the other series; 

creating, by the computer, a segmentation mask for a 
Selected image in a series in the first biological class 
whose pixels are aligned in accordance with the regis 
tration process, wherein the segmentation mask defines 
a set of pixels to be eliminated from that selected image: 
and 

applying, by the computer, the segmentation mask to a 
corresponding image in another series in the second 
biological class whose pixels are aligned in accordance 
with the registration process, to eliminate corresponding 
pixels of the image in the other series; and 

displaying, on the display device, the image from the other 
series whose pixels were eliminated by the segmentation 
mask. 

2. The method of claim 1, wherein the elimination of a pixel 
comprises setting a value of the pixel to a baseline value if the 
pixel is within the set defined by the segmentation mask. 

3. The method of claim 1, wherein: 
each of the selected images in a series comprises an array of 

pixels or Voxels having respective values; and 
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creating the segmentation mask for an image in a series 
comprises: 

comparing the value of each pixel or Voxel in the particular 
image to a range; and 

adding the pixel or voxel to the set of pixels defined by the 
segmentation mask if the value of the pixel or Voxel is 
outside the range. 

4. The method of claim 1, wherein: 
each selected image in a series comprises an array of pixels 

or Voxels having respective values; and 
creating the segmentation mask for an image in a series 

comprises specifying a geometric figure based on 
received input. 

5. The method of claim 1, wherein: 
each selected image comprises an array of pixels or Voxels 

having respective values; and 
creating a segmentation mask comprises adding a region of 

pixels or voxels left isolated by creation of a previous 
segmentation mask. 

6. The method of claim 1, further comprising: 
Selecting a set of images in the other series on which to 

effect a Volumetric computation; and 
effecting a Volumetric computation of a region represented 
by pixels that have not been eliminated, based on the 
images. 

7. The method of claim 6, wherein effecting the volumetric 
computation comprises estimating the Volume of interest 
based on: 

an area of the region exhibited by each image in the set; and 
an inter-slice distance between adjacent images in the set. 
8. The method of claim 6, wherein the volumetric compu 

tation represents an estimate of a volume of a core ischemia 
ZO. 

9. The method of claim 6, wherein the volumetric compu 
tation represents an estimate of a Volume of an ischemia 
penumbra Zone. 

10. The method of claim 6, further comprising displaying 
the Volumetric computation. 

11. The method of claim 1 wherein, following application 
ofa respective segmentation mask to a given image in a series, 
the given image exhibits a region corresponding to a cross 
section of a Volume of interest spanning the images in the 
series. 

12. The method of claim 1, wherein a series is diffusion 
weighted or perfusion-weighted. 

13. The method of claim 12, wherein the series in the first 
biological class is one of diffusion-weighted or perfusion 
weighted, and the other series in the second biological class is 
the other of diffusion-weighted or perfusion-weighted. 

14. The method of claim 12, wherein a diffusion-weighted 
series comprises a B1000 series or an Apparent Diffusion 
Coefficient series. 

15. The method of claim 1, further comprising, prior to the 
obtaining, establishing a correspondence between certain 
images in a series and certain images in another series. 

16. The method of claim 15, wherein: 
each image is associated with a respective axial slice; and 
the establishing comprises: 
initializing a threshold slice height difference; 
attempting to identify a pair of corresponding images such 

that: 
the pair of corresponding images includes one image from 

each of the series; and 
the images in each pair are associated with respective slice 

heights differing by no more than the threshold slice 
height difference; 

increasing the threshold slice height difference; and 
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repeating the attempting and the increasing until the 

threshold slice height difference reaches a maximum 
threshold slice height difference. 

17. The method of claim 16, further comprising: 
for each image in the series that has not been paired by the 

repeating, pairing the image with a blank image. 
18. The method of claim 1, wherein the registering of 

certain images in one series and certain images in another 
series is carried out within a common frame of reference. 

19. The method of claim 18, wherein registering a particu 
lar image within a common frame of reference comprises one 
or more of Zooming, rotating, and translating the image rela 
tive to an original frame of reference. 

20. The method of claim 1, wherein the images are mag 
netic resonance images and the images in the series in the first 
biological class and the images in the other series in the 
second biological class originate from respectively different 
radiological modalities. 

21. The method of claim 1, wherein the set of pixels defined 
by the segmentation mask isolate a component of the selected 
image from other components of the selected image. 

22. A non-transitory computer-readable storage medium 
having computer-executable instructions stored thereon for 
processing images, the instructions comprising: 

instructions for obtaining a plurality of series of biological 
images including a first series in a first biological class 
and a second series in a second biological class different 
from the first biological class, wherein certain images in 
any series correspond to certain images in other series; 

instructions for registering images to align pixels of certain 
images in one series with the corresponding pixels of 
certain images in the other series: 

instructions for receiving selections of one or more images 
from the first series whose pixels have been aligned; 

instructions for creating a respective segmentation mask 
for each of the selected one or more images in the first 
series, wherein the segmentation mask defines a set of 
pixels to be eliminated from that selected image; 

instructions for applying the respective segmentation mask 
to a corresponding image in the second series whose 
pixels have been aligned, to eliminate corresponding 
pixels of the image in the other series, and 

instructions for displaying the image from the other series 
whose pixels were eliminated by the segmentation 
mask. 

23. The computer-readable storage medium of claim 22, 
the instructions further comprising: 

instructions for setting a value of a pixel to a baseline value 
in response to determining that the pixel is in the set 
defined by the segmentation mask. 

24. The computer-readable storage medium of claim 22, 
whereina series is diffusion-weighted or perfusion-weighted. 

25. The computer-readable storage medium of claim 24, 
wherein the first series is one of diffusion-weighted or perfu 
sion-weighted, and the second series is the other of diffusion 
weighted or perfusion-weighted. 

26. The computer-readable storage medium of claim 22, 
wherein the first series originates from a first radiological 
modality and the second series originates from a second 
radiological modality different from the first radiological 
modality. 

27. A method for processing images in a system having a 
computer and a display device, the method comprising: 

obtaining a plurality of series of biological images by the 
computer, wherein the images in at least one series con 
tain a first type of biological information, and the images 
in at least one other series contain a second type of 



wherein the instructions for applying further comprise setting 
a value of a pixel to a baseline value ifa determination is made 
that the pixel is in the set defined by the segmentation mask. 
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biological information different from the first type of 
biological information, and wherein certain images in 
any series correspond to certain images in other series; 

performing a registration process, by the computer, to align 
pixels of certain images in one series with the corre- 5 
sponding pixels of certain images in the other series; 

creating, in the computer, a segmentation mask for a 
Selected image in a series containing the first type of 
biological information whose pixels are aligned in 
accordance with the registration process, wherein the 
segmentation mask defines a set of pixels to be elimi 
nated from the selected image; 

applying, via the computer, the segmentation mask to a 
corresponding image in another series containing the 
second type of biological information whose pixels are 15 
aligned in accordance with the registration process, to 
eliminate corresponding pixels of the image in the other 
series; and 

displaying, on the display device, the image from the other 
series whose pixels were eliminated by the segmentation 
mask. 

28. The method of claim 27, wherein the elimination of a 

10 

pixel comprises setting a value of the pixel to a baseline value 
if the pixel is in the set defined by the segmentation mask. 

29. The method of claim 27, wherein the set of pixels 25 
defined by the segmentation mask isolate a component of the 
selected image from other components of the selected image. 

30. A non-transitory computer-readable storage medium 
having computer-executable instructions stored thereon for 
processing images, the instructions comprising: 30 

instructions for obtaining a plurality of series of biological 
images including a first series whose images contain a 
first type of biological information, and a second series 
whose images contain a second type of biological infor 
mation different from the first type of biological infor 
mation, wherein certain images in any series correspond 
to certain images in other series; 

instructions for registering images to align pixels of certain 
images in one series with the corresponding pixels of 
certain images in the other series; 

instructions for receiving selections of one or more images 
from the first series whose pixels have been aligned; 

instructions for creating a respective segmentation mask 
for each of the selected one or more images in the first 
series, wherein a segmentation mask defines a set of 
pixels to be eliminated from the selected image: 

instructions for applying the respective segmentation mask 
to a corresponding image in the second series whose 
pixels have been aligned, to eliminate corresponding 
pixels of the image in the other series, and 

instructions for displaying the image from the other series 
whose pixels were eliminated by the segmentation 
mask. 

31. The computer-readable storage medium of claim 30, 
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32. The computer-readable storage medium of claim 30, 
wherein the set of pixels defined by the segmentation mask 
isolate a component of the selected image from other com 
ponents of the selected image. 

60 

33. A system comprising: 
means for obtaining a plurality of series of biological 

images including a first series whose images contain a 
first type of biological information, and a second series 
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whose images contain a second type of biological infor 
mation different from the first type of biological infor 
mation, wherein certain images in the first series and 
certain images in the second series are corresponding: 

means for registering images to align pixels of certain 
images in one series with the corresponding pixels of 
certain images in the other series; 

means for creating a respective segmentation mask for 
each selected image in said first series whose pixels have 
been aligned, wherein the segmentation defines a set of 
pixels to be eliminated from the selected image: 

means for applying said respective segmentation mask to 
the corresponding image in the second series whose 
pixels have been aligned, to eliminate corresponding 
pixels of the image in the other series; and, 

means for displaying the image from the other series whose 
pixels were eliminated by the segmentation mask. 

34. The system of claim 33, wherein the means for apply 
ing includes means for setting a value of a pixel to a baseline 
value if a determination is made that the pixel is within the set 
defined by the segmentation mask. 

35. The method of claim 33, wherein the set of pixels 
defined by the segmentation mask isolate a component of the 
selected image from other components of the selected image. 

36. A method for processing a plurality of series of bio 
logical images obtained from a patient in a system having a 
computer and a display device, comprising: 

obtaining a plurality of series of biological images by the 
computer, including a first series whose images contain 
a first type of biological information, and a second series 
whose images contain a second type of biological infor 
mation different from the first type of biological infor 
mation, wherein certain images in any series correspond 
to certain images in other series; 

performing a registration process by the computer, to align 
pixels of certain images in said first series with corre 
sponding pixels of certain images in said second series; 

creating, by the computer, a segmentation mask for a 
Selected image in said first series; 

applying, by the computer, said segmentation mask to a 
corresponding image in said second series, and obtain 
ing a set of images that exhibit a region corresponding to 
a cross-section of a Volume of interest spanning the 
corresponding images; 

effecting a volumetric computation in the computer, based 
on said set of images, and 

displaying, on the display device, an image from the set of 
images. 

37. The method of claim 36, wherein effecting the volu 
metric computation comprises estimating the Volume of inter 
est based on: 

an area of the region exhibited by each image in the set; and 
an inter-slice distance between adjacent images in the set. 
38. The method of claim 36, wherein the volumetric com 

putation represents an estimate of a Volume of a core ischemia 
ZO. 

39. The method of claim 36, wherein the volumetric com 
putation represents an estimate of a Volume of an ischemia 
penumbra Zone. 

40. The method of claim 36, further comprising displaying 
said Volumetric computation. 
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